Two two-dimensional cyanide-and phenoxo-bridged heterometallic M(II)-Mn(III) (M = Ni, Pd) coordination
Introduction
Molecule-based magnetic materials have attracted much attention owing to their potential applications in magnetic devices in the past three decades. In particular, as one of the most famous magnetic transferring groups, cyanide-bridged magnetic complexes have been actively studied not only because of their various structure types ranging from discrete polynuclear compounds, one-dimensional chains, two-and three-dimensional networks but also more importantly for the growing interest in the field of molecular magnetism covering high-T C magnets, 1,2 photomagnets, 3-5 spin crossover, 6,7 chiral magnets, [8] [9] [10] [11] [12] single-molecule magnets (SMMs), [13] [14] [15] and singlechain magnets (SCMs).
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Moreover, due to their facile preparation and large spin state (S = 2) as well as the usually negative magnetic anisotropy of the central Mn(III) ions, Mn(III) quadridentate Schiff bases containing N 2 O 2 equatorial salen-type ligands with enhanced Jahn-Teller effects have been frequently utilized as anisotropic ingredient to fabricate cyanide-bridged magnetic system. Thus far, many manganese(III)-salenbased cyanide-bridged magnetic complexes showing a rich variety of structures and interesting magnetic properties have been prepared. 19 Interested also in this type of magnetic system, we have reported some cyanide-bridged heterometallic complexes based on polycyanidemetalates and schiff base manganese(III) compounds containing bicompartimental Schiff base ligands, in which several ones show interesting metamagnet property. X-ray Data Collection and Structure Refinement. Single crystals of all the complexes for X-ray diffraction analyses with suitable dimensions were mounted on the glass rod and the crystal data were collected on a Bruker SMART CCD diffractometer with a MoKα sealed tube (λ = 0.71073 Å) at 293 K, using a w scan mode. The structures were solved by direct method and expanded using Fourier difference techniques with the SHELXTL-97 program package The nonhydrogen atoms were refined anisotropically, and the hydrogen atoms were introduced as fixed contributors and assigned isotropic displacement coefficients U(H) = 1.2U(C) or 1.5U(C), and their coordinates were allowed to ride on their respective carbons using SHELXL97. The CIF tables of 1 and 2 have been deposited at the Cambridge Crystallographic Data Centre with the deposition numbers CCDC 983784 and 983785, respectively. Details of the crystal parameters, data collection and refinement are summarized in Table 1 .
Results and Discussion
Synthesis and General Characterization. [21] [22] [23] indicated that this type of manganese Schiff base compounds are very favor of forming phenoxo oxygen-bridged structure. The two cyanidebridged heterometallic complexes have been characterized by IR spectroscopy. In their IR spectra, the single peak at about 2125 cm −1 can be assigned to the bridging cyanide groups. Observation of a strong broad peak centered at ca. 1100 cm −1 suggests the presence of ClO 4 − anions. Crystal Structures of Complexes 1 and 2. Some important structural parameters for complexes 1 and 2 are collected in Table 2 . The cationic pentanuclear structure for complexes 1 and 2 and their two-dimensional sheet-like structure are shown in Figures 1 and 2 , respectively.
As can be found in Table 2 , both of these two complexes are isostructural and crystallize in tetragonal space group I4/m, containing four independent units in the unit cell. + moiety, therefore forming an octahedral coordination sphere. As shown in Table 2 , the average distances between the Mn atom and the Magnetic Properties of Complexes 1 and 2. The magnetic properties of compounds 1 and 2 have been investigated in the range of 1.8-300 K under the external magnetic field of 2000 Oe, where, χ m T is the magnetic susceptibility per Mn 4 unit. The χ m T vs T and χ m −1 vs T curves for complexes 1 and 2 are presented in Figure 3 . At room temperature, the values of the χ m T product are about 12.1 emu mol −1 K for these two complexes, which corresponds for four high spin manganese(III) ions with S = 2. Upon cooling, the χ m T values gradually increases reach a maximum value of 16.31 and 16.66 emu mol −1 K for complexes 1 and 2 at about 4 K before decreasing down to about 14 emu mol −1 K at 1.8 K. The rapid decrease of χ m T at low temperature may be due to the weak magnetic interaction between [Mn(saltmen)] 
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Considering that the long distance between the two Mn(III) ions bridged by the diamagnetic [M(CN) 4 ] 2− ion, the magnetic coupling are mainly caused by the biphenolate-bridged Mn 2 dimer. The magnetic susceptibility data for these two complexes were simultaneously fitted by the following spin Hamiltonian:
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The first term refers to the exchange interaction between the manganese(III) ions within the supramolecular dimer. The second terms take into account the zero field splitting (ZFS) effects for the two manganese ions (D 1 = D 2 = D). In view of the axially elongated structure around Mn(III), a negative sign is expected for D; 26 therefore, D was constrained to negative values in our calculations. The magnetic susceptibilities have been numerically calculated using the MAGPACK program, giving the best set of parameters J = 2.13 cm
, g = 2.01 and J = 2.21 cm
, g = 2.02 for complexes 1 and 2, respectively. These results are basically comparable to those found in the reported examples containing also phenolate-bridged Mn 2 dimer. 22, 24, 26, 27 Similar to that for the reported manganese Schiff dimers, 22, 24, 26, 27 the magnetic coupling between the phenoxobridged Mn(III) ions in complexes 1 and 2 is ferromagnetic. The ferromagnetic exchange in these types of systems can be understood with the consideration of the arrangement of d-orbitals of the Mn(III) ion. As has been known, the electronic configuration of the Mn(III) ion in an elongated Jahn-Teller distortion is (d xy ) 
Conclusion
In summary, two new heterobimetallic cyanide-and phenoxo-bridged coordination polymers have been synthesized with tetracyanidemetalates and manganese(III) schiff base compound as building blocks. The structural characterization reveals their cyanide-bridged MMn 4 cationic nature and the extended biphenolate-bridged 2D sheet-like structure. Investigation over their magnetic properties reveals ferromagnetic coupling between the biphenolate-bridged Mn 2 dimer.
